. These authors have already examined the capsular material so extracted from a rumen streptococcus very similar to S . bovis in fermentation reactions. We were particularly interested in determining whether the capsular polysaccharides produced from sucrose (the only known dextran precursor) did in fact contain dextran or were in any way different from those produced from glucose and other fermentable sugars. It has been possible to test for the presence of dextran in the capsular extract by using a dextranase produced by Lactobacillus b$dw (Bailey & Clarke, 1959) . This enzyme produces a distinctive and unusual mixture of isomaltodextrins from dextran. We here present evidence that the true capsular polysaccharides of Leuconostoc species and of 8. bovis are chemically different and that dextran, although often present in such material, is to be regarded in each instance as a contaminant rather than as the true capsular polysaccharide.
Since Streptococcus bovis, like Leuconostoc mesenteroides and L. dextranicum, is an encapsulated organism and can produce large yields of dextran in suitable liquid sucrose media (Bailey & Oxford, 1958a, b) , it seemed of interest to isolate and compare the chemical composition of their respective capsular polysaccharides. By the term 'capsular polysaccharide' is here meant the nondialysable soluble carbohydrate extractable from the well-washed organisms by the mild sodium acetate + acetic acid procedure of Hobson & Macpherson (1954) . These authors have already examined the capsular material so extracted from a rumen streptococcus very similar to S . bovis in fermentation reactions. We were particularly interested in determining whether the capsular polysaccharides produced from sucrose (the only known dextran precursor) did in fact contain dextran or were in any way different from those produced from glucose and other fermentable sugars. It has been possible to test for the presence of dextran in the capsular extract by using a dextranase produced by Lactobacillus b$dw (Bailey & Clarke, 1959) . This enzyme produces a distinctive and unusual mixture of isomaltodextrins from dextran. We here present evidence that the true capsular polysaccharides of Leuconostoc species and of 8. bovis are chemically different and that dextran, although often present in such material, is to be regarded in each instance as a contaminant rather than as the true capsular polysaccharide.
METHODS
Organisms. Six rumen strains of Streptococcus bovis were used. Three strains, 18M/2 (calf), 2SA and 2B (sheep), were kindly supplied by Dr P. N. Hobson of the Rowett Research Institute, Bucksburn, Aberdeenshire. Three other strains, I, 40 and 30, were isolated from fistulated cows feeding on fresh red clover (Bailey & Oxford, 1958b) . full stoppered flasks from which CO, was excluded. Normally the cultures were inoculated from an actively growing 24 hr. culture of the organism in the appropriate sucrose medium. For certain experiments the organisms were serially subcultured six times in glucose medium and the last culture used for inoculation. Only small inocula (4 loopfuls/l 1. medium) were used. The estimated maximum carry-over of sugar in the inoculum was 1-2 mg.
The Lewonostoc species were grown in the same Bacto Casitone+Bacto Yeast Extract medium except that it contained sucrose (3%, w/v), glucose (2 %, w/v), D-arabinose or xylose (both 0.5 %, w/v). The cultures were incubated for 72 hr. at 28" in air. Inoculation conditions were the same as for Streptococcus bovis except that inoculation cultures were 48 hr. old and in the case of the pentose cultures inocula (5 ml./11. medium) were from 72 hr. cultures in the pentose medium.
Isolation of capsular polysaccharide. Organisms were harvested by centrifuging (15,000 g) for 30 min. on a Spinco preparative ultracentrifuge. The bacteria were washed once with acetate buffer (200 ml., 0.05 M, pH 5.0) and then twice with water (200 ml,); in each case by shaking on a wrist-action shaker for 30 min. and re-centrifuging, Capsular polysaccharide was extracted from the organisms by the method of Hobson & Macpherson (1954) with hot sodium acetate + acetic acid solution (pH 2.0). The only modification of the method was that the final ethanol precipitate of deproteinized polysaccharide was dissolved in water (10-20 ml.), centrifuged (30,000 g) for 30 min., dialysed for 2 days against distilled water and freeze-dried. The freshly isolated bacteria were examined for capsules by negative nigrosine staining and shown to be always encapsulated. Staining of the organisms after extraction of the capsular material always showed intact almost completely decapsulated organisms (cf. Hobson & Macpherson, 1954) .
Hydrolysis of capsular polysaccharides. Polysaccharide (2-5 mg.) in N-HC~ (2 ml.) was heated for 6 hr. a t 100". The hydrolysate was evaporated to dryness over solid NaOH in a vacuum desiccator and dissolved in water (0.2 ml.). Polysaccharide (5-10 mg.) was also hydrolysed by incubation with a dextranase preparation ( 5 mg.) in citrate buffer ( O -~M , pH 5.5, 2 ml.) for 24 hr. a t 37". The final digest was diluted with water, desalted with Dowex 2 and Dowex 50 ion-exchange resins, evaporated to dryness in the desiccator and dissolved in water (0.2 ml.).
Acid hydrolysates were analysed for sugars on paper chromatograms developed with one of the following solvents: Sugars, oligosaccharides and uronic acids were detected with silver nitrate (Trevelyan, Procter & Harrison, 1950) and aniline hydrogen phthalate (Partridge, 1949) sprays. Amino sugars were detected with a ninhydrin spray (0-25 yo in ethanol).
As it was not possible to carry out quantitative analyses of the sugars in the hydrolysates, a semi-quantitative measure of the amounts of sugars present was obtained by grading the intensity of the sugar spots on the papers in relation to the amount of polysaccharide hydrolysed. A scale scoring from + (trace) to + + + + + + (intense spot) was used. The main concern was whether individual sugars were present in equal, greater or lesser amounts than one another.
Dextranase. A preparation of dextranase (Bailey & Clarke, 1959) was made by precipitation with ammonium sulphate, from cell-free culture fluids of a strain of Lactobacillus bijidus. This enzyme hydrolyses both branched and unbranched dextrans to a mixture of isomaltotriose, isomaltotetraose, isomaltopentaose and higher oligosaccharides. The presence, on paper chromatograms of dextranase digests of capsular polysaccharide, of this typical mixture of oligosaccharides was taken as positive evidence for the presence of dextran in the capsular polysaccharide. The enzyme preparation was without action on starch.
RESULTS

Composition of the capsular polysaccharides of the Leuconostoc species
The strains of the Leuconostoc species examined were grown in media containing various sugars as the sole added carbohydrate. While the organisms grew readily in the media which contained sucrose, glucose or fructose, only poor growth was obtained in the media containing pentose sugars. Both strains of L. mesenteroides produced soluble dextrans which remained in solution.
The dextran produced in the sucrose culture of L. dextranicum, however, was much less soluble and accumulated on the bottom of the culture flask. It was not possible in this culture (Llo) to free the organisms entirely from extracellular dextran.
The results obtained from a chromatographic analysis for sugars of acid hydrolysates of the capsular extracts are listed in Table 1 . Rhamnose, uronic acids and amino sugars were absent from the papers. None of the capsular extracts gave a stain with iodine indicative of starch or a starch fraction. Portions of capsular extract (Samples L 2, L 6, L7 and L9) were treated with dextranase and the digests analysed by paper chromatography for isomaltodextrins ; the results obtained are listed in Table 1 . The final dextranase digests + trace to + + + + + + intense.
-Not done.
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from samples L6 and L9 were, after dilution with water, boiled for a few minutes, dialysed, centrifuged and concentrated to dryness. These concentrates were hydrolysed in acid and analysed for sugars in the usual manner.
Paper chromatograms of the two hydrolysates now showed spots corresponding to approximately equal amounts of glucose and galactose.
Composition of the capsular polysaccharide of Streptococcus bovis Capsular material was extracted from each strain of Streptococcus bovis grown in Casitone yeast extract medium which contained, with one exception, glucose (2 yo, w/v) as the sole carbohydrate. The results obtained from chromatographic analyses of acid hydrolysates of the extracts are listed in Table 2 . Amino sugars were not detected in any of the hydrolysates. No attempt was made to identify the uronic acid. Effect of variations in cultural conditions on the composition of the capsular polysaccharide of S . bovis (strain I ) Streptococcus bovis (strain I) had been used in a study of the dextransucrase secreted by the organism (Bailey, 1959) and this strain was therefore chosen for this part of the present work. The organism was grown in the Casitone +yeast extract medium and in the chemically defined medium. Both media contained either sucrose, glucose or fructose. Sucrose cultures were grown both in the presence and in the absence of carbon dioxide (Bailey & Oxford, 1958b) . The results obtained from the analysis of hydrolysates of each capsular extract are listed in Table 3 . Amino-sugars were not detected in any of the hydrolysates.
None of the capsular extracts stained with iodine. Portions of capsular material (samples S 10,11,12 and 18) were tested for dextran by treatment with dextranase and subsequent chromatographic analysis. The results obtained -Not done.
Scoring as in Tables 1   and 2. from these tests are listed in Table 3 . The final dextranase digests from samples S l l and 12 were freed from isomaltodextrins, hydrolysed and analysed by paper chromatography by the methods already described. The two hydrolysates showed on the papers two spots of equal intensity corresponding to glucose and galactose and weaker spots corresponding to rhamnose and uronic acid. A second portion of sample S11 was treated with dextranase and the digest streaked on a paper chromatogram. After development with the modified solvent of Malpress & Hytten (1958) the separated zones of tri-and tetrasaccharides were eluted from the paper with water. Acid hydrolysates of these fractions prepared in the usual manner showed on paper chromatograms a single component corresponding to glucose.
DISCUSSION
In the past it has been tacitly assumed that the type-specific (i.e. capsular) polysaccharide of a dextran-producing bacterium must necessarily contain dextran itself (see Evans & Hibbert, 1946) . For rabbit inoculation it is of course usual to grow such bacteria in a glucose (not sucrose) medium with consequent minimal, or no, production of dextran in the culture fluid. The results here recorded indicate, however, that the real capsular polysaccharides, both of the Laconostoc species examined and of Streptococcus bovis are not dextran. Dextran may sometimes be present, probably as a contaminant which is not easily removed by simple washing of the organisms a t room temperature. Such contamination can occur with organisms grown in sucrose or glucose media. On the other hand, it is possible to obtain organisms, even from sucrose media, which yield a dextran-free capsular polysaccharide. The results in Table 1 make it clear that the real capsular polysaccharide of true (i.e. dextran-producing) Leuconostoc species was not dextran, but a complex containing glucose and galactose in about equal proportions. With L. mesenteroides NCIB 8590, it would seem that dextran can all be washed away before extraction of the capsule proper, even with organisms grown on sucrose (see results L1-5, Table 1 ). With the other two strains of Leuconostoc, however, the dextranase test and the increased ratio of glucose to galactose in the crude capsular extract show that contamination of the true capsular polysaccharide with dextran had occurred even in a glucose medium (see particularly results L 6, L 7 and L 9 ; Table 1 ). Result L 7 is also noteworthy in that it reveals that the organism produced apparent ' capsular ' dextran from glucose even when the inoculum was not only from a glucose medium but from a culture many times removed from a sucrose medium. This raises the interesting question: can the organism actually make sucrose, the only known dextran precursor, from glucose? We have no convincing evidence that this is so. The presence of fructose in the crude capsular polysaccharide of L. mesenteroides NCIB 8710 grown in a glucose medium is suggestive (see results L6 and L7, Table 1 ) as is also the fact that Streptococcus bovis produces dextran-sucrase even in a glucose medium (Bailey, 1959;  Bailey & Oxford,
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The results obtained with six strains of Streptococcus bovis confirm theabove conclusions. With this organism the ' real ' capsular polysaccharide is more complex than that of Leuconostoc since it contains rhamnose and an uronic acid in addition to galactose and glucose. Results SlO and S13 of Table 3 , in particular the dextranase tests, reveal that it was actually possible to grow S. bovis in a glucose medium without production of 'capsular' dextran, but only when the inoculum was from a sucrose-free medium. The other results in Tables 2 and 3 show the ease with which 'capsular' dextran can become firmly held as a contaminant of the real capsular polysaccharide even in a glucose medium, when no particular pains are taken to use a sucrose-free inoculum. Bailey & Oxford (1958 a, b) showed that S. bovis only produced good yields of extracellular dextran from sucrose in the presence of carbon dioxide. The capsular material isolated from organisms grown on sucrose medium in the absence of carbon dioxide were just as heavily contaminated with dextran as those from the same medium plus carbon dioxide (see results S11 and S12, Table 3 ). Hobson & Macpherson (1954) found that the capsular polysaccharide of an unidentified rumen streptococcal strain, with all the properties of S. bovis, contained only galactose, rhamnose and an uronic acid as constituent sugars. We did not have this strain available. It is possible that our strains all contained two 'real' capsular polysaccharides, one of which was the galactose-rhamnose-uronic acid complex and the other a glucose polymer not identical with dextran or starch. Further work is in hand to clarify this point.
The serological implications of the above chemical results are both obvious and disturbing. It would seem that unless special precautions are taken, or even sometimes when they are taken, confusing cross-reactions between generically unrelated dextran-producing strains may be expected to occur. For a well-known instance from the past involving Leuconostoc mesenteroides, Streptococcus Group H, and pneumococcal types I1 and XX, see Dubos (1945) summarizing the work of Neill, Sugg, Hehre & Jaffe (1941). With known soluble dextran-, and perhaps also soluble levan-producing organisms it would seem an obvious precaution not only to use, when possible, media containing neither glucose, sucrose, or fructose but also to ensure that the inoculum used in preparing the culture for conversion to a vaccine is taken from a culture many times removed from a sucrose-containing medium. 
